Introduction
The relation between the composition of the media of fungus cultures and the enzymes produced has been the subject of many investigations. There is very little known about the discharge of the enzymes secreted by the mold into the culture medium. This phenomenon bears the most intimate relationship to the role played by the enzymes and to the life-cycle of the molds and it therefore merits more attention.
The first recorded data in the literature that deal with the diffusion of mold enzymes into the medium are found in the study of FERNBACH (7) on the saccharase of Aspergillus niger. His method can not be regarded as free from objections, (5) but he established the first enzyme unit and he was the first to point out the great importance of the degree of acidity of the reaction mixtures. He measured the distribution of the saccharase between the mold and medium. The main result of his investigations was the discovery of the fact that the total amount of saccharase (activity) expressed in his enzyme unit was fairly constant, decreasing only about 20 per cent. from the second to the fifth day. The distribution ratio of the enzyme between the mold and medium changed during growth. On the second day 3 per cent., and on the fifth day 37 per cent. of the total enzyme content was found in the medium.
The conclusion to be derived from FERNBACH'S experiment is that the maximum amount of enzyme is formed during the first two days, and later this enzyme simply passes slowly from the mold to the medium. He obtained practically the same results with a yeast,-Saccharomyces pastorianus. Since FERNBACH's experiments no work has been done on the distribution of the enzyme between microorganism and medium.
In the experiments of DOBY and KERTESZ (2) the saccharase content of Penicillium glaucunt cultures was determined and the enzyme content of the medium was found to be very low. These authors were studying the changes in the saccharase content of the mold when grown with and without potassium, and therefore did not pay further attention to the enzyme content of the medium.
BRIDEL and AAGAARD (1) have shown that when the mold is kept on distilled water, the enzyme diffuses out of the mycelium into the water.
IWANOFF and KUDRJAWZEWA (8) The salt supplement of the cultures was always the same as given in earlier papers (10, 11, 2) and contained sufficient amounts of P, K, Mg, Ca, Na, C1, SO4, N, (NO3 and H4 N) and traces of Fe... and Zn. After inoculation the mold has been grown in 100-ce. Erlenmeyer flasks containing 50 cc. of medium and at a temperature of 24.00 C.
The procedure used in the enzyme determination was as follows: The mold was taken off of the medium and washed with a quantity of distilled water such that the volume of the medium was restored to 50 cc. as at the beginning of the growth. The dry matter was determined on a small sample of mycelium, drying to constant weight at 950 C. The rest of the mold was ground in a porcelain mortar and suspended in water. A sample of this suspension was taken for the determination of the dry matter content of the suspension and the remainder was used for the determination of the enzyme activity.
The medium was filtered before being used for the determination of the enzyme activity. The reaction mixtures contained in all cases 5 per cent. of sucrose. The amount of sucrose contained in the part of the medium used has always been determined and correction for this has been made in the calculations. The pH of the reaction mixture was always 4.5 which has been shown to be the optimum for this enzyme (2) . The In the case of the enzyme determinations in the medium "cc. of medium used in the reaction mixture" has been substituted for "gin. dry matter."
The enzyme content of the whole culture of the mold and medium respectively has been expressed in the formula proposed by the author (13):
Total enzyme content of the mold =E,= (If,) x (dry matter yield in gm.) (5) Total enzvme content of the medium =E, = (If,) x (total volume of the medium in cc.)
Before presenting the data obtained, it is necessary to explain why the above method of determination has been used in preference to the method described by IWANOFF and KUDRJAWZEWA. As mentioned before, the Russian authors determined the enzyme content in the medium only. Further. the method used for their determinations was not free from objections. Their method as described in their paper was as follows (loc. It is to be seen that no determinations of the reducing power were made at the beginning of the reactions. The media used by IWANOFF and KUDRJAWZEWA contained sugars in most cases and perhaps other substances which have a reducing power; therefore their single determination of the reducing power could scarcely be expected to define the rate of reaction. If the mold was grown, for instance, on sucrose solution the original reducing power of the medium was changed considerably by the inversion of the sucrose. These two opposing reactions (1) the inversion of the original sucrose, and (2) the disappearance of the invert sugar from the solution, make the results obtained by the Russian authors so uncertain, that from their work no more than qualitative conclusions can be drawn.
RESULTS
On the basis of the experiments of IWANOFF and KUDRJAWZEWA attention was first paid to the influence of the reaction of the medium on the discharge of the saccharase to the medium.
In these experiments the Penicillium glaucum was grown on 50 cc. of medium containing 5 per cent. sucrose and inorganic salts. By the use of N/10 NaOH or N/10 H2SO4 the reaction of the medium was brought to the desired pH. A few drops of solutions of suitable indicators were added and the pH corrected daily throughout the experiment by the addition of base from a sterile burette. Of course, during one day the production of acid by the living mold caused a certain shifting toward the acid reaction, therefore the pH values given are approximately 0.5 pH higher than the lowest value actually reached during growth. The cultures were harvested on the fourth day after inoculation. In this single case the determination of the saccharase effect in the mold was done by the polarimetric method.
The results obtained show that contrary to the conclusions stated by IWANOFF and KUDRJAWZEWA, saccharase has been found in the media of cultures grown in acid reaction. On the whole the total enzyme content (E1 + E2) decreased with increasing pH. The pH of the first culture was 3.0 at the beginning, and it was necessary during growth to correct it, because it had decreased to 2.7 -2.8. From this experiment it is to be seen that the saccharase of Penicillium glaucum passes into the medium in quite acid reaction. The rate of growth, as is to be seen from the dry matter yield, varied materially in the cultures grown at different pH's. All the cultures were therefore in different stages of development, and presumably some of them near to and some far from having their highest saccharase content. DOBY and KERTESZ found that the mycelium of Penicilliurn glaucurn grown on 5 per cent. sucrose had the highest saccharase content on the fifth day of growth. This work showed the effect of pH on the growth of the mold, but no attempt was made to arrive at conclusions in regard to the distribution of the enzyme between mycelium and medium. For this reason the changes of the saccharase content of growing cultures were studied as will be shown later in this paper.
In the following three experimental series given in tables II, III and IV the mold was grown on 50 cc. of a medium which contained the inorganic salt supplement and 5 per cent. of sucrose (II), the salt supplement and 5 per cent. of sucrose and 0.25 per cent. of asparagin (III), and the salt supplement and 1.5 per cent. solution of Witte peptone (IV).
As can be seen from table II, the dry matter yield increased even after the eleventh day, showing that the supply of nutrients had not been used up during that time. The enzyme content of both mycelium and medium was the highest on the fourth day. The highest enzyme content of the medium was observed on the fourth day and amounted to 17.7 per cent. of the total enzyme content.
As was seen from the pH values of the growing cultures, the reaction of the medium was shifted toward the acid side very quickly, i.e., the original reaction of pH 5.4 was changed to 2.9.
The results presented in table III are similar to those presented in table II. The growth is more rapid, and because of the larger amount of nitrogenous and carbohydrate nutrients the dry matter yield is higher also. The total enzyme (or enzyme activity) produced by the culture at the fourth day is double that of the culture having no asparagin. The rate of increase of the actual acidity in the medium is a little slower in the presence of asparagin, possibly because of the buffer action of this compound.
The maximum enzyme activity per unit of dry matter (If,) is only 10 per cent. higher than in the culture without asparagin, but the enzyme content of the medium is much higher. But even in this case only on the fourth day was 25 per cent. of the total enzyme content found in the medium; later this value decreased to 5 per cent., only one twentieth of the total enzyme contained in the whole culture.
The results obtained with cultures grown on Witte peptone are presented in table IV. In no case has a definite saccharase activity been found. It is to be seen from the data presented that the question of the diffusion of saccharase to the medium in mold cultures is much more complicated than it has been supposed by earlier authors. With changes in the medium, changes occur in the whole life-cycle of the mold. On account of the different substrates, the molds produce different amounts (activity) of enzyme. Furthermore the enzyme content changes with the age of the culture.
In the following experiment mold grown on 5 per cent. sucrose for five days was kept immersed in buffer solutions of various pH in the presence and also in the absence of toluol and the enzyme diffused to the buffer solutions after two days was determined. The mold had been grown in five 100-cc. Erlenmeyer In several cases the solutions were too far removed from pH 4.5 to use directly and in these the pH was corrected by the addition of N/20 NaOH or N/20 H2SO4. From these reaction mixtures 10 cc. was taken out at the intervals indicated, clarified by neutral lead acetate and sodium carbonate, and made up to 100 cc. This solution was used for the determination of the reducing sugars produced by the action of the saccharase. In figure 1 are shown the results of these experiments.
In all these last experiments containing buffer solutions the enzyme activity was higher than in the blank in which the mold had been kept on sterile distilled water. The shape of the curves representing the relations between pH of the solutions in which the mold was kept and the enzyme found in it after two days are very remarkable. In the presence of toluol the highest enzyme content was found in the neutral solution, while in the absence of toluol the lowest enzyme content was found at the same reaction. The highest enzyme content recorded was found in the solution without toluol at pH 8.9 . In this case the solution contained 2. 
Discussion
A great deal of work has been done on the permeability of the plant cells, and on the factors influencing the diffusion of different plant materials, but among the many theories presented no one theory can be found to explain this phenomenon satisfactorily. It has been supposed that in the diffusion of different compounds through the cell wall, the VAN'T HOFF rule is not applicable. It was supposed furthermore, that besides the osmotic permeability there exists "selective permeability" (15) , which would permit the diffusion of compounds like sugars and some amino-acids. It has been observed that toxic materials of presumably high molecular weight are put out from cells which contain concentrated solutions of compounds of low molecular weight, but which do not pass out of the cell at all. The passage of enzymes through cell walls is no doubt a complicated matter. A few papers dealing with the diffusion of enzymes through collodion and similar membranes have been published but very little has been done on the diffusion through cell walls.
In an earlier paper the author pointed out that the formation of enzymes bore a most intimate relationship with the necessity of the organism for them (10) . In the case of a sucrose medium the saccharase was presumably produced by the mold for the purpose of splitting the sucrose into simpler compounds which possibly could be more easily utilized by the mold than sucrose. It is entirely possible that the mold is not able to use sucrose at all, since in the case of a sucrose medium saccharase is produced quite generally. If the saccharase is produced by the cell for the purpose of splitting sucrose it is easy to understand that the amount of enzyme required should decrease after most of the sucrose of the medium has been converted into invert sugar (11) . It is to be seen from fig. 2 that the greater part of the sucrose of the medium was inverted in the interval between the second and fourth day. In fact 63 per cent. of the total sucrose content of the medium had disappeared during this period. It is also to be seen that the saccharase content of the cultures was the highest at the fourth day of growth. After the greater part of the sucrose was converted into invert sugar the saccharase content decreased abruptly. It is interesting to note that a small amount of sucrose (or another polysaccharide?) is present even after sixteen days. A very low saccharase activity is to be found at this same time.
The results of the present experiments are not in harmony with those of the earlier investigators. Of course, the subject of their experiments has not been Penicillium but Aspergillus niger, but the author is convinced that the difference is caused more by the method of investigation than by the organism used.
The pH of the media in the experimental series in table II has been determined to be 2.9 on the second day. The discharge of the enzyme however does not start until later, since on the second day no enzyme was found in the medium. This fact is in very good harmony with the results presented in (4) . NELSON and PALMER (14) observed that yeast saccharase is affected by a reaction of pH 4.6. Furthermore, oxalic acid itself is known to be one of the most toxic of organic acids for molds (9) . With these observations of others in mind, it is obviously impossible to say from the experiments of IWANOFF and KUDRJAWZEWA that the acidity alone of the medium used has prevented the saccharase from passing out of the mycelium into the medium. Even if any enzyme should pass out, it would shortly become inactivated due to the high acidity, aggravated in this case by the toxic oxalate ion.
In the experiments with growing cultures presented in this paper the reaction of the medium always turned acid with the exception of the experiments with the peptone medium, where no definite saccharase effect could be obtained. It is to be seen from the first series, that the medium of cultures grown at a pH of 6.3, 7.0 and 7.9 contained as much as 30 per cent. of the total saccharase content of the whole culture. The question whether this saccharase is discharged by the normal diffusion of uninjured cells or whether it is coming from the cells killed by the alkaline medium can not be decided from these experiments.
To be able to make a study of the discharge at different pH reactions, without being disturbed by the different rates of growth of the mold, an experimental series has been carried out, the results of which are presented graphically in fig. 1 . The results obtained are no doubt due to the operation of a great many factors. The different parts of the curves should be explained in quite different ways, since the influence of the acid and alkaline medium is not identical.
From the first experimental series as well as from these later experiments it can be seen that the mold without toluol discharges a great deal of its enzyme content to an alkaline medium. This observation is in harmony with IWANOFF and KUDRJAWZEWA'S results, who found that Aspergillus niger always put out more enzyme on an alkaline than on a neutral medium. On the acid side of this curve enzyme activity could be observed also. This is no doubt the result of a certain growth continued by the mold on the buffer solution. At the neutral reaction, a lower enzyme activity has been found. This reaction is certainly not favorable for the growth of the mold neither does it cause an increase of the enzyme by discharge nor To make a further study of the effect of different treatments on the cells of Penicillium, microscopic sections have been prepared.' Photographs (x 80) of some of these are presented on the accompanying plate VIII. No. I is taken from a section prepared from the mold which had stood on an acid buffer solution for two days without toluol. It can be seen that there is a secondary growth quite distinct from the mycelium which had been formed on the original medium. There is also a rich spore formation to be seen. No. II is prepared from the mold from the alkaline solution without toluol. The mycelium and the layer of spores are wrinkled and the hyphae are partly empty as a result of the effect of the alkalinity. In this sample the greatest discharge of the saccharase had been found. Plate VIII no. III is taken from the section prepared from the mold from acid solution with toluol. The structure in general is very badly affected by the toluol. No secondary growth can be seen and no plasma can be observed in the sporangia. The mold in alkaline solution and in the presence of toluol is even more drastically affected (no. IV).
No doubt the present state of our knowledge is not sufficient to draw general conclusions in regard to the discharge or diffusion of enzymes. This can be done only after collecting more data and making further studies of this interesting as well as important phenomenon. Summary 1. The discharge of saccharase in growing cultures of Penicillium glaucum has been studied. The highest enzyme content of the mycelium and medium has been found to occur on the fourth day of growth. Never more than one third of the total enzyme content, of the culture has been found in the medium.
2. The saccharase can pass into the culture medium even at acid reaction, but the rate of discharge is lower in an acid than in an alkaline medium. 3 . A marked decrease of the enzyme content of both mold and medium has been observed after most of the sucrose present in the medium was inverted.
